ABSTRACT Research was conducted to evaluate the impact of litter Salmonella status during feed withdrawal on Salmonella recovery from the crop and ceca following feed withdrawal. In 4 experiments, pens of broilers in separate rooms were challenged with marker strains of either Salmonella Montevideo or Salmonella Heidelberg. Three d post challenge, a 12-hour feed withdrawal was initiated, and one pen of broilers was switched between rooms for each Salmonella serotype. In experiments 3 and 4, non-challenged broilers also were added to the Salmonella challenge pens. The litter of each pen was sampled before and after the feed withdrawal period, the broilers euthanized, and the crop and ceca aseptically removed for Salmonella isolation. Results showed that only the challenge Salmonella serotype was recovered from the litter in challenge pens where broilers were not moved, while both Salmonella serotypes were recovered from the litter of the switched pens. Salmonella was recovered from 56/80 crops and from 66/80 ceca of challenged broilers that remained in the challenge pens. The challenge Salmonella serotype was recovered from 50/80 crops and from 60/80 ceca, and the switched pens' litter Salmonella serotype was recovered from 19/80 crops but not from the ceca in broilers challenged with Salmonella and then switched between pens. For experiments 3 and 4, Salmonella was recovered from 19/40 crops and from only 2/40 ceca from the non-challenged broilers placed into the Salmonella challenge pens. The results from broilers that were switched between Salmonella challenge pens indicate that the recovery of Salmonella from the crop of broilers following feed withdrawal (on Salmonellacontaminated litter) appears to depend mainly on the initial challenge Salmonella (62%) and less on the litter Salmonella (24%) status during the feed withdrawal period. In contrast, only the initial challenge Salmonella was recovered from the ceca (79%) from broilers that remained in challenge pens or were switched between Salmonella challenge pens. However, when nonchallenged broilers were placed into the Salmonella challenge pens and commingled during the 12-hour feed and water withdrawal period, it was possible to recover the pen litter Salmonella from the ceca at a low level of 5% (2/40).
INTRODUCTION
Foodborne pathogenic bacteria associated with processed poultry are mainly acquired in the grow-out houses and may remain with poultry carcasses and reside on the carcass surfaces despite numerous processing plant intervention strategies that use antimi-crobials in spray cabinets and/or antimicrobials added to the carcass chilling systems (Rigby and Pettit, 1980; Barrow et al., 1988; Byrd et al., 2001 : Northcutt et al., 2003 Doyle and Erickson 2006) . On-farm feed withdrawal programs are implemented prior to the catching and transport of broilers to facilitate emptying of the alimentary tract before processing in order to minimize the potential for carcass bacterial pathogen contamination and cross-contamination from ingesta leakage and fecal residues from the tract during processing (Buhr et al. 1998) . Snoeyenbos et al. (1982) determined that Salmonellae colonization of the intestinal tract of fowl is predominantly associated within the ceca. However, Salmonella has been recovered from the avian crop, proventriculus, gizzard, duodenum, jejunum, ileum, ceca, colon, and cloaca (Fanelli et al., 1971; Snoeyenbos et al., 1982; Barrow et al., 1988; Xu et al., 1988; Impey and Mead 1989; Bjerrum et al., 4361 2005; Foley et al., 2013) . Salmonella prevalence in the broiler's crop following the feed withdrawal/transport period prior to processing has been shown to be impacted by both the broiler's Salmonella alimentary tract status prior to feed withdrawal and the litter Salmonella status during feed withdrawal (Moran and Bilgili, 1990; Humphrey et al., 1993; Ramirez et al., 1997; Corrier et al., 1999; Barnhart et al., 1999a; Hinton et al., 2000a) . Corrier et al. (1999) reported a 2-fold increase in the consumption of litter by broilers beginning 2 h after removal of the feed, resulting in an increase in the frequency of Salmonella positive crops ranging from 2 to 19% before feed withdrawal and to 10 to 36% after feed withdrawal for 8 hours. In contrast, Salmonella prevalence in ceca following the feed withdrawal appears to depend mainly on the broiler's Salmonella status prior to initiating feed withdrawal, not the consumption of litter during feed withdrawal, which resulted in only small, insignificant changes (from 6 to 8%; Ramirez et al., 1997; Corrier et al., 1999; Barnhart et al., 1999b; Hinton et al., 2000b) . Therefore, Salmonella contamination of broilers through litter consumption during pre-transport feed withdrawal appears to readily occur in the crop but not commonly in the ceca. In these previous feed withdrawal experiments, challenged broilers were sampled for Salmonella from flocks on litter that were full-fed and then again after an 8-hour feed withdrawal period. The presence of feed in the crop of the full-fed broilers has been shown to suppress the recovery of Salmonella due to lactic-acidproducing bacteria (Hinton et al., 2000a) . The removal of feed during feed withdrawal has been reported to result in an increase in broiler crop pH (near neutral) and a decrease in lactic acid concentrations (Humphrey et al., 1993; Corrier et al., 1999) . Therefore, the increase in Salmonella-positive crops after the feed withdrawal period could be a combination of the absence of feed and the consumption of Salmonella contaminated litter.
In the current experiments, the recovery of Salmonella from the crop and ceca of broilers after feed withdrawal was investigated using two Salmonella marker strain serotypes. The broilers were challenged in 2 separate rooms, and then broilers were switched between the challenge marker strain pens where they remained on contaminated litter during the feed withdrawal period. Using the 2 Salmonella marker strain serotypes and switching challenged broilers between contaminated litter pens allowed for the determination of the relative contributions of Salmonella that had previously colonized the alimentary tract of broilers before feed withdrawal and Salmonella in the litter that was consumed during feed withdrawal on the prevalence of Salmonella recovered from the crop and ceca of broilers after feed withdrawal.
MATERIALS AND METHODS
All bacteriological recovery and analysis was conducted at the USDA-ARS, U.S. National Poultry Research Center in the Russell Research Center, Athens Georgia. The nalidixic acid resistant marker strain of Salmonella Montevideo (nal R , serogroup C1) and streptomycin resistant marker strain of Salmonella Heidelberg (str R , serogroup B) were used for all experiments. Salmonella isolates were natural strains selected for increased resistance to nalidixic acid (200 μg/mL) or streptomycin (125 μg/mL) to enable the separate recovery of the marker strains and exclusion of other potential environmental Salmonellae. These marker strains were not genetically altered by any recombinant techniques, are non-pathogenic for poultry, and were isolated at the Russell Research Center. The protocols followed for the 4 experiments were approved by the University of Georgia and the Russell Research Center Institutional Animal Care and Use committees.
Broiler Management
Experiments 1 and 2 utilized 6-week-old male broilers placed into pens (1.06 m wide by 2.29 m long) that were available after nutritional grow-out trials at the University of Georgia in order to obtain access to "fresh" used litter immediately after broilers were removed. Experiments 3 and 4 also utilized 6-week-old male broilers placed into rooms with 2 parallel pens (1.44 m wide by 3.35 m long) separated by a solid (0.91 m high) partition on new shavings. All rooms had concrete floors covered with pine shavings with each pen containing a single tube-pan feeder (area 1,500 cm 2 ) and a single drinker line with 5 nipples for experiments 1 and 2, or 20 nipples for experiments 3 and 4. Room temperature was set at 18
• C and followed the primary breeder recommendations for Cobb 500 broilers from 6 to 7 weeks. Broilers were fed non-medicated starter from wk 1 to 3 and non-medicated grower feed from wk 3 to 6. Broilers were exposed to a 24L:0D photoperiod following the Salmonella challenge, placement into pens, as well as during the feed withdrawal period in order to minimize the impact a light:dark photoperiod may have on broiler activity that could influence litter pecking, drinking, or Salmonella colonization or retention.
Salmonella Challenge: In experiments 1 and 2 (15 broilers/pen, < 1 2 maximum stocking density) and experiments 3 and 4 (23 broilers/pen, < 1 2 maximum stocking density), broilers were placed into 2 pens in each of the 2 rooms, and feed was withheld for 4 hours. Broilers were orally challenged with 1.0 mL of ∼10 8 cells of either Salmonella Montevideo, nal R (broilers in 2 pens in room 1) or Salmonella Heidelberg, str R (broilers in 2 pens in room 2). Feeders were placed back into each pen 4 h after the Salmonella challenge, and water remained available. In experiments 3 and 4, feed was withheld for 4 h, and then 23 broilers/pen were challenged with either S. Montevideo or S. Heidelberg in separate rooms. In experiments 3 and 4, an additional 46 non-challenged control broilers were housed in 2 pens in a third room.
Broiler Pen Switching and Salmonella Sampling
On d 3 after the Salmonella challenge the litter surface in each pen was sampled using 2 intermittently stepped-on drag swabs (Kingston, 1981; Buhr et al., 2007) . The swabs were intermittently stepped on at least 10 times, and feces were also intentionally stepped on when present. Both drag swabs for each pen were placed into a single plastic bag that was labeled with the corresponding pen and room number.
For experiments 1 and 2 at 21:00 on d 3 after the Salmonella challenge, feed withdrawal was initiated by removal of the feeder from all 4 pens. One pen of broilers in each room was placed into 2 transport coops (89 cm long, 60 cm wide, 26 cm high; Pakster Athens, TN), the coop placed on a cart, and moved with the pen's nipple drinker line into the opposite room. This resulted in broilers orally challenged with S. Montevideo being placed on the litter contaminated from broilers orally challenged with S. Heidelberg and, conversely, broilers orally challenged with S. Heidelberg being placed on the litter contaminated from broilers orally challenged with S. Montevideo. In experiments 1 and 2, the drinker lines were moved with the broilers to eliminate the possibility of broilers potentially obtaining Salmonella from the challenge pen's drinker line rather than the challenge pen's litter during the feed withdrawal period. The drinker lines were removed from all pens at 05:00 on d 4 post challenge. At 08:00, the litter surface in each pen was again sampled using intermittently stepped-on drag swabs as described above. At 09:00, after the 12-hour feed and 4-hour water withdrawal periods, broilers were euthanized by pen, starting with the pens that contained broilers that had been switched between rooms. All 15 broilers in each pen were euthanized individually by electrocution, and the first 10 carcasses were used in this experiment, and the remaining 5 were sampled for additional experiments that are not reported in the manuscript. Carcasses were placed on their backs, the feathers were disinfected by spraying with 70% ethanol, and the breast skin overlaying the crop at the base of the neck was cut and reflected towards the head. The esophagus was clamped at the entrance and exit of the crop, then cut to allow aseptic removal of the intact crop and contents. The crop was transferred to a sterile sample bag, placed on ice, and transported to the laboratory within 2 h after removal for analysis. To facilitate removal of the ceca, the skin covering the abdomen was reflected, and the abdominal wall muscles on the right side of the carcass were incised to expose the duodenal loop. Beneath the duodenum, the ceca were located lying along the ileum and then the ceca and ileum were externalized through the abdominal opening. The ceca were separated from the ileum using hemostats, cut to include the illeal-cecalcolic junction, and each sample transferred to a sterile sample bag and placed on ice.
For experiments 3 and 4, at 21:00 on the d 3 post challenge, both feed and water were withdrawn together because an additional treatment group was added consisting of placing and holding broilers in coops. From each Salmonella challenged room, 8 broilers from both the switched and the non-switched pens were removed for cooping (8 broilers/coop from each pen). From the third room containing non-challenged broilers, 16 broilers were placed into 2 coops. After cooping, the 2 coops of broilers were placed into 3 clean rooms (one for each Salmonella serotype challenge and one for the non-challenged controls), and each coop of broilers was placed on top of an empty coop to further minimize the potential for contact and access of broilers to feces during the feed withdrawal period. During the feed and water withdrawal period, broilers were without access to water, in order to completely eliminate the possibility of litter pecking and consumption during the feed withdrawal period. The removal of water in conjunction to feed has been reported to have no detectable impact on Salmonella proliferation/recovery for broilers on litter or in transport coops (Rigby et al., 1982) .
Once the 8 broilers were removed and placed into coops, 15 broilers remained in each Salmonella challenged pen. At the initiation of the feed withdrawal period, one pen of 15 broilers in each room was placed into coops and moved into the opposite challenge rooms as described for experiments 1 and 2. This again resulted in broilers orally challenged with S. Montevideo on the litter contaminated from broilers orally challenged with S. Heidelberg and broilers orally challenged with S. Heidelberg on the litter contaminated from broilers orally challenged with S. Montevideo. An additional 30 nonchallenged broilers were leg-banded, and 15 were placed into both the non-switched S. Montevideo and the S. Heidelberg pens (15/pen) and permitted to commingle with challenged broilers during the feed and water withdrawal period.
For experiments 3 and 4 on d 3 after the Salmonella challenge, the litter surface in each pen was sampled using 2 intermittently stepped-on drag swabs as previously described. At 21:00 on d 3 post challenge, the feed and water withdrawal period was initiated by removal of the feeders and raising the drinker lines in all 6 pens at the same time. At 08:00 on d 4 post challenge, the litter surface in each of the 6 pens was again sampled using intermittently stepped-on drag swabs as described above. Starting at 09:00, after the 12-hour feed and water withdrawal, broilers were euthanized and crops and ceca sampled, starting with the non-challenged cooped broilers, followed by the S. Montevideo and the S. Heidelberg challenged cooped broilers. Next, the pens that contained the non-challenged broilers in the S. Montevideo pens, followed by the S. Montevideo challenged broilers, and then the S. Heidelberg challenged broilers on S. Montevideo pen's litter were sampled. Finally, the non-challenged broilers in the S. Heidelberg pens, followed by the S. Heidelberg challenged broilers, and 
Salmonella Recovery and Isolation
For drag swabs, 100 mL of 1% buffered peptone water (BPW, Difco, Becton, Dickinson and Co, Sparks, MD) were added to each sample bag, the bag was agitated by hand, and then incubated at 35
• C for 24 hours. Following overnight pre-enrichment, 2 10 μL loops of solution were streaked onto brilliant green sulfa agar (BGS, Acumedia, Lansing, MI) containing 200 μg/mL sodium salt hydrate nalidixic acid (Sigma-Aldrich, St. Louis, MO). In addition, 2 10μL loops of solution were streaked onto brilliant green sulfa agar containing 125 μg/mL streptomycin sulfate salt (Sigma-Aldrich), and all plates were incubated at 37
• C for 24 hours. Plates with Salmonellalike colonies were considered presumptively positive. A few colonies characteristic of Salmonella were selected and subjected to slide agglutination tests using Salmonella O Antisera for serogroup confirmation (A-I followed by Group B for S. Heidelberg or Group C1 for S. Montevideo; Becton, Dickinson and Co.). Results were recorded as Salmonella-positive or negative for each plate type.
To obtain an average weight of the crop and ceca on the day of collection, a random set of 5 crops or ceca in plastic bags was weighed, and the average weights were calculated. Crops and ceca were then macerated with a rubber mallet within the sample bags to ensure that the luminal contents were exposed. To each bag, 1% BPW was added at 3 times the g weight of the average crop or ceca. Macerated crops and ceca with BPW were mixed using a stomacher (Technar Company, Cincinnati, OH) for 1 minute. Two 10 μL loops of solution were streaked onto brilliant green sulfur agar (Acumedia, Lansing, MI) plates with nalidixic acid added at 200 μg/mL, and also onto plates with Streptomycin added at 125 μg/mL, and all plates and samples were incubated at 37
• C for 24 hours. When direct plating was negative for Salmonella, plates were restreaked with 2 10 μL loops of the rinsate from the samples that had been enriched for 24 h and the plates again incubated at 37
• C for 24 hours. To confirm the presence of the marker Salmonella strain, representative suspect colonies were subjected to an agglutination test for the serogroups B or C1. Samples that were positive for Salmonella from direct plating were estimated to have >10 2 cells/mL, and samples that were positive only following enrichment were estimated to have <10 2 cells/mL in the initial sample rinsate.
Statistics
For the litter, crops, and ceca, a Chi-Square analysis for independence was used to detect differences in Salmonella recovery between the S. Montevideo and the S. Heidelberg challenge pens with a significance assigned at P ≤ 0.05. Table 1 summarizes results obtained from experiments 1 and 2 prior to switching broilers between rooms; only the single challenge Salmonella serotype (Heidelberg or Montevideo) was recovered from challenge pen's litter at 3 d post challenge as anticipated. Following the exchange of challenged broilers between pens for 12 h during feed withdrawal, both Salmonella serotypes were recovered from the litter in both pens. For the broilers challenged with S. Montevideo and not moved prior to feed withdrawal, only S. Montevideo was recovered from the crop (35%) and the ceca (70%). Similarly, broilers challenged with S. Heidelberg and not moved prior to feed withdrawal had only S. Heidelberg recovered from the crop (100%) and the ceca 3 The upper number is the number positive out of 10 from experiment 1, and the lower number is the number positive out of 10 for experiment 2. (100%). S. Heidelberg was recovered at a significantly (<0.05) higher frequency than S. Montevideo from both the crop and ceca throughout these 4 experiments, indicating that this strain of S. Heidelberg had a higher colonization potential than the strain of S. Montevideo (Tables 1, 2 , and 3). In broilers challenged with S. Montevideo and moved into the pens with fecalcontaminated litter from the broilers challenged with S. Heidelberg, S. Montevideo was recovered from the crop of 45% and S. Heidelberg from 30% of the crops, while only S. Montevideo was recovered (55%) from the ceca. In broilers challenged with S. Heidelberg and moved into the pens with fecal-contaminated litter from broilers challenged with S. Montevideo, only S. Heidelberg was recovered from the crop (90%) and from the ceca (100%). No S. Montevideo was recovered from these broilers, although S. Montevideo was recovered from the pen's litter after the 12-hour feed withdrawal period. Colonization competition between Salmonella serotypes and colonization inhibition of strains within the same serotype has been reported for poultry from d of hatch chicks to adult broilers breeders (Harvey and Price 1967; Barrow et al., 1987; Singer et al., 2009; De Cort et al., 2015) . However, mutual exclusion is not absolute, and multiple Salmonella serotypes can frequently be recovered from the same chicken or chicken carcass (Allen-Vercoe and Woodward, 1999; Cox et al., 2006; Bourassa et al., 2015) . Precolonization of day-old broiler chicks with S. Hadar for 24 h apparently prevented superinfection with subsequent additional challenge Salmonella serovars (S. Enteritidis, S. Typhimurium, S. Virchow, and S. Saintpaul; Nogrady et al., 2003) . Several researchers have reported colonization inhibition following orally administering one Salmonella wild type or attenuated strain to broilers previously challenged with a virulent Salmonella challenge strain within 24 h (Berchieri and Barrow, 1990; Methner et al., 1999; De Cort et al., 2015) .
RESULTS AND DISCUSSION
Chickens at hatch and during the first wk of brooding are highly susceptible to Salmonella colonization and a Salmonella challenge, even in very low numbers, can lead to persistent colonization (Gast and Benson, 1995; Cox et al., 1996; Dibner et al., 1998; Ziprin et al., 1989) . Wilson et al. (2016) proposed that the presence of a near neutral pH of 6 in the crop during the chick's first wk may facilitate colonization of the alimentary tract by a low environmental Salmonella challenge. Older chickens or breeders require a higher challenge dose accompanied by the removal of feed for 4 to 6 h for Salmonella colonization to occur (Milner; and Shaffer, 1952; Gast and Beard, 1989; Humphrey et al., 1992) . The physiological stressors associated with long-term feed withdrawal (>48 h) results in increased susceptibility to S. Enteritidis infection in the gastrointestinal tract of molt-induced laying hens, resulting in increased intestinal shedding and colonization of internal organs, such as the liver, spleen, and ovaries (Holt, 1993; Ricke 2003) . Ramirez et al. (1997) challenged 6 wk broilers with Salmonella and at 8 wk subjected the birds to an 18-hour feed withdrawal (with access to water) and reported significant increases in the number of Salmonella-positive crops and ceca. However, an increased recovery of Salmonella in the crop (+17%) but not in the ceca (+6%) was detected in commercial broiler flocks that were naturally Salmonella-positive after an 8-hour feed withdrawal. Cecal Salmonella status is apparently less influenced by feed withdrawal or by antimicrobials added to the drinkers during feed withdrawal. When 0.5% lactic or formic acid was added to the drinking water during an 8-hour feed withdrawal period, a significantly lower Salmonella recovery was reported for the crop by 22 and 16%, respectively, but there was no impact on Salmonella recovery from the ceca (Byrd et al., 2001) . In a commercial broiler flock, they provided lactic acid at 0.044% for 10 to 14 h during feed withdrawal, and Salmonella was significantly reduced for the 25 broilers they sampled/house in only one of the 7 houses by the time of catching. Table 2 summarizes results obtained from experiments 3 and 4. The non-challenged broilers placed into coops for 12 h had no S. Heidelberg or S. Montevideo recovered from the crop or ceca of any of these nonchallenged broilers or from the pen's litter they were held on prior to cooping. The unavailability of water during the 12-hour feed withdrawal period did not appear to influence Salmonella status or crop emptying for broilers that remained on litter or were placed into transport coops. Similar to experiments 1 and 2, only the single challenge Salmonella serotype (Heidelberg or Montevideo) was recovered from the pen litter 3 d post challenge and after feed withdrawal in experiments 3 and 4. This was also true for broilers challenged with either S. Heidelberg or S. Montevideo and placed into coops during the feed withdrawal period. From broilers challenged with S. Montevideo and placed into coops, 35% of the crops and 25% of the ceca were S. Montevideo positive, and 85% of the crops and 100% of the ceca of broilers challenged with S. Heidelberg and placed into coops were positive for S. Heidelberg. These results agree with those reported by Hinton et al. (2000a,b) in which there were no significant differences in the recovery of Salmonella from crops or ceca of broilers held in coops or on litter during incremental feed withdrawal (0 to 24 h at 6-hour intervals). These results indicate that the passage of feed from the crop had facilitated the recovery of Salmonella from the crop in the absence of litter for consumption and minimal opportunity for access to feces. Willis et al. (2000) also reported no differences in the recovery of Campylobacter from the crop of broilers subjected to feed withdrawal on litter or in cages with wire floors.
Following the exchange of broilers between the challenged pens for 12 h during the feed and water withdrawal in experiments 3 and 4, again both Salmonella serotypes were subsequently recovered from the litter in both pens (Table 2) . From the broilers orally challenged with S. Montevideo and not moved prior to feed withdrawal, only S. Montevideo was recovered from the crop (50%) and the ceca (60%). In nonchallenged broilers placed in the S. Montevideo pen with the S. Montevideo-challenged broilers during the feed withdrawal period, S. Montevideo was recovered from the crops of 35% of the broilers, and no Salmonella was recovered from the ceca. Similar to experiments 1 and 2, for broilers challenged with S. Heidelberg and not moved prior to feed withdrawal, only S. Heidelberg was recovered from the crop (95%) and the ceca (100%). From the non-challenged broilers placed in the S. Heidelberg pen and able to comingle with the S. Heidelberg-challenged broilers during the feed withdrawal period, 60% had S. Heidelberg recovered from the crop and 10% (2 of 20) had S. Heidelberg recovered from the ceca.
When broilers challenged with S. Montevideo were moved into the pen with fecal contaminated litter from broilers challenged with S. Heidelberg, S. Montevideo was recovered from 40% and S. Heidelberg from 55% of the crops, while only S. Montevideo was recovered from 55% of the ceca. From broilers challenged with S. Heidelberg and moved into the pen with litter and feces from broilers challenged with S. Montevideo, S. Montevideo was recovered from the crop of only 2 broilers (10%), while S. Heidelberg was recovered from the crop of 75% of the broilers and from the ceca of 90% of the broilers.
When the results from the 4 experiments are combined (Table 3) , the significantly (≤0.05) higher colonization and persistence of S. Heidelberg over S. Montevideo in the crop and ceca of these broilers following feed withdrawal is evident. Broilers kept in their original S. Montevideo challenge pens had less than half (42 vs. 98%) the crop recovery of Salmonella compared to broilers challenged with S. Heidelberg. Similarly for the ceca, broilers kept in their original S. Montevideo challenge pens had almost two-thirds (62 vs. 100%) the cecal recovery of Salmonella compared to broilers challenged with S. Heidelberg. S. Montevideo was recovered from the crops of 42% of the broilers challenged with S. Montevideo, then moved to S. Heidelberg challenge pens while S. Heidelberg was recovered from 42% of the crops. For ceca from this treatment, only S. Montevideo was recovered (55%). In contrast, S. Montevideo was recovered from the crop of 5% of the broilers challenged with S. Heidelberg then moved to S. Montevideo challenge pens, and S. Heidelberg was recovered from the crop of 82%. Similarly, S. Heidelberg was recovered from the ceca of 95% of the broilers challenged with S. Heidelberg and moved to S. Montevideo challenge pens.
To reveal the potential for co-colonization by both S. Heidelberg and S. Montevideo strains, the recovery of Salmonella within individual broilers for the crop of the broilers that were challenged and switched between pens was examined. In experiment 1, from the 10 broilers challenged with S. Montevideo and then placed into the S. Heidelberg-contaminated pens during feed withdrawal, the 4 crops that became S. Heidelberg positive were all negative for S. Montevideo. However, in experiment 2, from the 10 broilers challenged with S. Montevideo and then placed into the pen contaminated with S. Heidelberg, the 2 broilers that had S. Heidelberg positive crops were also positive for S. Montevideo. In experiment 3 from the 10 broilers challenged with S. Montevideo and then placed into S. Heidelbergcontaminated pens during feed and water withdrawal, only 3 of the 6 broilers with S. Heidelberg positive crops were also positive for S. Montevideo. From the 10 broilers challenged with S. Heidelberg and then placed into the S. Montevideo-contaminated pens during feed and water withdrawal, only one of the 7 crops was positive for S. Montevideo and also positive for S. Heidelberg. In experiment 4, from the 10 broilers challenged with S. Montevideo and then placed into S. Heidelberg pens during feed and water withdrawal, 3 of the 5 broilers with S. Heidelberg-positive crops were also positive for S. Montevideo. From the 10 broilers challenged with S. Heidelberg and then placed into the S. Montevideo pens during feed withdrawal, only one of the 8 crops was positive for S. Montevideo, and it was also positive for S. Heidelberg.
Overall from the 17 broilers challenged with S. Montevideo and placed into S. Heidelberg pens during feed withdrawal, S. Heidelberg was subsequently recovered from the crops of 8 of these broilers that also had S. Montevideo recovered from the same crop (47%). Both of the 2 S. Heidelberg challenged broilers that picked up S. Montevideo in the crop during feed and water withdrawal were also positive for S. Heidelberg. Although the strain of S. Heidelberg used in the experiments demonstrates higher colonization and persistence from both oral challenge and litter pickup during feed withdrawal, it does not appear to be at the exclusion of S. Montevideo in the crop of the same broiler, since 59% were co-colonized (10/19) following feed withdrawal. Corrier et al. (1999) reported when sampling commercial flocks pre-and post-feed withdrawal (2 to 8 h), 3 flocks remained negative, 4 negative flocks became positive, and 3 positive flocks became significantly more positive (from 3 to 9% positive). They concluded that the significant increase in Salmonella contamination of crop contents during feed withdrawal was most likely due to the increased frequency of broilers to peck at contaminated floor litter, and those broilers were observed to consume significant litter during the feed removal period at 2 hours. Hargis et al. (1995) reported that Salmonella recovery 7 d following an oral challenge did not differ between the crops 37% and ceca 57% when broilers were euthanized and sampled fullfed. However, when 3 flocks were sampled during commercial processing, 2 flocks had significantly higher recovery of naturally occurring Salmonella from the crops than the ceca, resulting in overall significantly higher Salmonella-positive crops, 52% (16 to 87%), than ceca, 14.6% positive (12 to 16%), after feed withdrawal periods from 11 to 13.5 hours. Barnhart et al. (1999a) provided capsules containing d-Limonene and citric acid during feed withdrawal for broilers on litter with access to water and found that there was no significant difference in the recovery of Salmonella from the crop following the 8-hour feed withdrawal period (71 vs. 76% Salmonella-positive). However, when the capsules were provided only during the final 45 min of the feed withdrawal period, the treatment reduced Salmonella recovery from 94 to 39%. However, this would be during the transport and hold period at the processing plant. They suggested that the failure when the capsules were provided during the entire feed withdrawal period may have been due to recontamination of the crops during the later stages of feed withdrawal by litter consumption. Several other water treatments during the feed withdrawal of broilers have been evaluated with mixed success, with greatest effect when broilers were sampled while the treatment was still provided. Many water treatments have not yet been evaluated after removal, which would be required to account for the time for catching, transport, and holding at the processing plant. Hinton et al. (2000b,c) provided a cocktail supplemented with 7.5% glucose that depressed the growth of S. Typhimurium and other Enterobacteriaceae in the crops of broilers and was generally associated with increased growth of lactic acid bacteria and decreased crop pH. Similarly, Byrd et al. (2003) provided a chlorate product (7.5 to 30 mM chlorate ion concentration) in the drinker water prior to challenging 6 wk broilers with Salmonella Typhimurium and after a 10-hour feed withdrawal period (remaining on water or chlorate); significantly lower Salmonella recovery was reported in the crop (24 to 41% lower), but the addition of chlorate had no impact on Salmonella recovery from the ceca.
Logistic slaughter is the scheduling of the daily processing order of broiler flocks based on their on-farm Salmonella status (negative flocks first) and has been suggested to potentially reduce cross-contamination from positive to negative flocks during processing (Rasschaert et al., 2007) . On-farm flock Salmonella status is usually determined by sampling the litter the wk prior to slaughter while the broilers are fullfed. However, flocks can clear Salmonella or become Salmonella-positive during the interval between sampling and slaughter (Heyndrickx et al., 2002) , and there is the additional possibility of flock contamination during the feed withdrawal on the farm or during transport and holding periods (Rigby and Pettit 1980) . There also can be an increased rate of shedding during feed withdrawal and transport to the processing plant (Rigby and Pettit 1980) . Nauta et al. (2009) reported similar limitations for Campylobacter and therefore could not recommend the implementation of "testing and scheduling" as a practical control strategy, due to both measurement uncertainties and shortcomings in understanding the dynamics of transmission and survival of Campylobacter in the broiler meat processing plant.
The present study demonstrated that the Salmonella prevalence in the broiler's crop following pre-transport feed withdrawal can be the result of both the broiler's Salmonella status prior to feed withdrawal and the litter Salmonella status during a 12-hour feed withdrawal period. In contrast, Salmonella prevalence in the ceca of broilers following feed withdrawal is mainly dependent on broiler's Salmonella status prior to feed withdrawal and not the Salmonella present in the feed withdrawal pen litter. Salmonella prevalence may increase in both the broiler's crop and ceca following feed withdrawal, which can lead to carcass Salmonella contamination and was thought to be attributed solely to the consumption of contaminated litter in the pen during the feed withdrawal period. These results indicate that feed withdrawal periods as long as 12 h on contaminated litter will not increase the likelihood of intestinal Salmonella proliferation in the ceca. In addition, the removal of water during feed withdrawal or cooping broilers does not appear to influence crop or cecal Salmonella status.
